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Objective: To determine trends in ischemic stroke incidence among Mexican Americans and non-Hispanic whites.
Methods: We performed population-based stroke surveillance from January 1, 2000 to December 31, 2010 in Cor-
pus Christi, Texas. Ischemic stroke patients 45 years and older were ascertained from potential sources, and charts
were abstracted. Neurologists validated cases based on source documentation blinded to ethnicity and age. Crude
and age-, sex-, and ethnicity-adjusted annual incidence was calculated for first ever completed ischemic stroke. Pois-
son regression models were used to calculate adjusted ischemic stroke rates, rate ratios, and trends.
Results: There were 2,604 ischemic strokes in Mexican Americans and 2,042 in non-Hispanic whites. The rate ratios
(Mexican American:non-Hispanic white) were 1.94 (95% confidence interval [CI] 5 1.67–2.25), 1.50 (95% CI 5 1.35–
1.67), and 1.00 (95% CI 5 0.90–1.11) among those aged 45 to 59, 60 to 74, and 75 years and older, respectively,
and 1.34 (95% CI 5 1.23–1.46) when adjusted for age. Ischemic stroke incidence declined during the study period
by 35.9% (95% CI 5 25.9–44.5). The decline was limited to those aged 60 years, and happened in both ethnic
groups similarly (p > 0.10), implying that the disparities seen in the 45- to 74-year age group persist unabated.
Interpretation: Ischemic stroke incidence rates have declined dramatically in the past decade in both ethnic groups
for those aged 60 years. However, the disparity between Mexican American and non-Hispanic white stroke rates
persists in those <75 years of age. Although the decline in stroke is encouraging, additional prevention efforts tar-
geting young Mexican Americans are warranted.
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Mexican Americans (MAs) are the most numeroussegment of Hispanic=Latinos, the United States’
largest minority population. Now comprising 16.7% of
the population, Hispanic=Latinos will make up >30% of
the United States by 2050.1 We previously reported that
MAs have higher stroke rates compared with non-
Hispanic whites (NHWs) using the population-based
Brain Attack Surveillance in Corpus Christi (BASIC)
study.2 After a decade of observation, we can now pro-
vide data comparing temporal trends in ischemic stroke
incidence in MAs and NHWs. As the youthful MA pop-
ulation ages and becomes more numerous, these data
have critical public health importance in addressing the
personal, family, and societal impact of stroke. A recent
estimate of the cost of stroke for the first half of the 21st
century suggested a staggering price tag of $1.52 tril-
lion,3 approximately equal to 1 year of the US gross tax
revenue.4 The cost of stroke is significantly higher in
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minority populations, where stroke occurs at younger
ages and with greater resulting disability.2,5
Health disparity reduction efforts by definition seek
to narrow the gap of disease burden borne by minority
populations compared with majority populations. Moni-
toring the trends in common, severe, and expensive dis-
eases, such as stroke, is critical to understanding the
progress toward this goal. Declines in ischemic stroke
incidence have been suggested throughout the world pre-
viously,6–12 but contemporary community-based studies
that include diverse US populations are lacking. The cur-
rent study used rigorous, continuous stroke case ascer-
tainment within a biethnic community to calculate
ischemic stroke rates among MAs and NHWs over the
years 2000–2010. The goal was to determine trends over
time comparing the 2 ethnic populations.
Subjects and Methods
This is the primary, prespecified analysis resulting from specific
aim 1 of BASIC. The project’s methods were previously pub-
lished.2,13,14 They are briefly summarized here.
Patients and Setting
BASIC takes place in Nueces County, Texas, a predominantly
urban location, where 95% of the population resides in the city
of Corpus Christi on the Texas gulf coast; approximately 2=3 are
MAs and the remainder are predominantly NHWs.15 This is a
nonimmigrant community, with the majority of residents sec-
ond- and third-generation US citizens.16 The usual routes
through Texas take immigrants from the southern Texas border
cities of McAllen, Harlingen, and Brownsville to San Antonio,
Houston, and Dallas.17 Overall, 5% of Nueces County resi-
dents are undocumented,18 and this is true of an even smaller
percentage of those 45 years of age and older, which is BASIC’s
target population. In a sample of BASIC participants who
underwent interview, 86.9% were born in the United States,
10.5% were born in Mexico, 1.4% did not know their country
of birth, 1% were born in another country, and 0.2% refused
to answer the question. Of those born in Mexico, the average
years of residence in the United States was 52.2 years (SD 5
18.0; minimum 5 13; median 5 51).
Corpus Christi is approximately 150 miles from potential
referral centers in San Antonio and Houston, and the adjacent
counties are sparsely populated. This distance and geographic
isolation provides the opportunity for complete case capture in
Nueces County of an acute disease such as stroke. There are 2
hospital systems representing 7 hospitals in Corpus Christi. All
hospitals have computed tomography and magnetic resonance
imaging (MRI) scanners and neurologists on staff. During the
course of the study, 2 of the hospitals became Joint Commis-
sion Primary Stroke Centers. There are no medical schools or
neurology training programs in the community.
Subjects are eligible for BASIC if they are 45 years or
older and are residents of Nueces County, Texas at least 6
months per year. Ethnicity is defined by chart designation. We
have previously reported excellent agreement (96.3%) between
self-report of ethnicity and chart designation.19 Only MA and
NHW subjects were considered for this analysis due to very
small numbers of other race=ethnicities. The project was
approved by the University of Michigan Institutional Review
Board (IRB) and the IRBs of both Nueces County hospital sys-
tems. A waiver of informed consent was obtained to screen and
abstract charts. Written informed consent is obtained prior to
subject interview.
Case Ascertainment
Procedures for complete case capture follow international rec-
ommendations for capture–recapture and multiple source ascer-
tainment methods.20 Cases are primarily identified through
active pursuit of emergency department and directly admitted
stroke patients using validated screening terms.21 The abstrac-
tors also routinely canvass intensive care units and hospital
floors searching for in-house strokes or those not ascertained
through the screening logs. The active surveillance is supple-
mented by review of hospital passive listings of International
Classification of Disease, 9th revision discharge codes for stroke
(430–438; excluding 433.x0, 434.x0 [x 5 1–9]; 437.0, 437.2,
437.3, 437.4, 437.5, 437.7, 437.8, and 438). County coroner
records are screened for causes of sudden stroke death not pre-
senting to the hospital. Several minor changes to case ascertain-
ment procedures were made over the course of the project to
maintain efficiency. In 2001, the following diagnostic terms
were removed from the active surveillance list: dizziness, falling,
imbalance, syncope, and trouble walking. These terms were
found to be highly inefficient at identifying strokes, with a pos-
itive predict value of 1%. Starting January 1, 2001, a sample
of Nueces County primary care and cardiology offices, as well
as 95% of neurologist offices, were contacted frequently and
encouraged to report stroke cases to our project. Abstractors
reviewed and abstracted cases not previously screened. The sam-
pling of primary care physicians and cardiologists was subse-
quently discontinued on January 31, 2004, because during the
3 years of the sampling only 13 ischemic stroke patients were
identified exclusively from this method of 1,866 ischemic stroke
cases identified in BASIC. Because 74 cases from the sample
identified came from neurology offices, we did continue to
identify these few stroke cases from neurology offices. From
January 31, 2004 to July 31, 2008, only 71 strokes were identi-
fied via the neurology office of 1,971 ischemic stroke cases
identified. In 2008, we therefore stopped screening neurology
offices. From January 1, 2000 through December 1, 2007,
BASIC identified cases through active surveillance of both the
admissions log and emergency department (ED) log. A review
of this methodology in 2007 using complete data from calendar
year 2004 suggested that frequent passive ED surveillance in
combination with active surveillance of admission logs success-
fully identifies 98% of all ischemic strokes. This new method-
ology was implemented on December 2, 2007. Finally, we were
unable to obtain passive listings of stroke from 1 of the hospital
systems for 6 months of 2008. In other 6-month periods, this
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never amounted to >5 cases. A sensitivity analysis was per-
formed to determine the effects of the changes on incidence
rate estimates and ethnic comparisons over time.
Cases are validated by neurologists or a stroke fellowship-
trained emergency medicine physician, blinded to subjects’ eth-
nicity and age, using source documentation. Ischemic stroke
diagnosis is based on published international clinical criteria20
that require onset of a focal neurologic deficit following a
defined vascular distribution without documented resolution
within 24 hours (unless treated with recombinant tissue plas-
minogen activator) and not explainable by a nonvascular etiol-
ogy. Imaging is used to discriminate ischemic stroke and
hemorrhagic stroke. Because the use of brain MRI has increased
greatly in the past 10 years, validators are required to use the
original clinical criteria for case validation, so that trend data
can be assessed without bias. Therefore, subjects having acute
infarction on brain MRI without the clinical deficit described
above are validated as no stroke.
Population Counts
Population counts in 2000 and 2010 were obtained from the
2000 and 2010 Census. There were no significant changes in
undercounting of Hispanic ethnicity or overcounting of NHW
ethnicity in the US Census between 2000 and 2010,22 making it
unlikely to affect trend estimates. There were only minor wording
and formatting changes to how ethnicity was obtained in the
2000 and 2010 Census.23 In 2000, 30% of the Nueces County
NHW and MA population was 45 years of age, and this grew
to 36% in 2010. In the State of Texas, the corresponding numbers
were 26% and 29%.24 Also, between 2000 and 2006, there were
similar in-migration and out-migration of residents (taxpayers) at
approximately 6.5%.25 Yearly population counts for 2001–2009
were obtained from intercensal estimates.26,27 Counts were aggre-
gated by sex, race=ethnicity, and 3 age categories: 45 to 59, 60 to
74, and 75 years. Counts for Hispanics, regardless of race, were
used as the population at risk for MAs, because among the popu-
lation aged 45 years in Nueces County, only 2.6% report ances-
try from Spain, Central or South America, or Puerto Rico.28
Counts for NHWs only were used as the population at risk for
NHWs because only 1% of the population aged 45 years
reported being white in combination with other races.26,27
Quality Assurance
Quality is ensured through several procedures, including rigor-
ous abstractor training, certification, and periodic reliability
testing of abstractors for screening. Validators are also trained
and subject to periodic reliability and validity testing.
Statistics
Descriptive statistics for patient characteristics were calculated,
and differences by ethnicity were assessed using chi-square and
Kruskal–Wallis nonparametric tests for categorical and continu-
ous variables, respectively. Crude annual ischemic stroke rates
for the following outcomes were calculated per 10,000 popula-
tion overall and by ethnicity: (1) first ever completed ischemic
stroke (no documented past medical history of stroke in the
medical record) and (2) first ever and recurrent completed
ischemic stroke (all completed ischemic stroke events during
BASIC regardless of reported past medical history before
BASIC). The primary analysis was considered first ever com-
pleted ischemic stroke. Poisson regression models29 were used
to calculate adjusted ischemic stroke rates, rate ratios, and
trends over the years 2000–2010. Ischemic stroke (numerators)
and population counts (denominators) for the models were
aggregated within categories of ethnicity, age (45–59, 60–74,
and 75 years) and sex. Yearly ethnicity-, age-, and sex-
adjusted rates were calculated by treating time as a categorical
variable, and including the adjustment factors as predictors. In
separate models, time trends were modeled as a linear term rep-
resenting years since 2000 to determine whether the trend in
ischemic stroke rates was decreasing, increasing, or not chang-
ing significantly over time. For each outcome, an age-, sex-,
and ethnicity-adjusted trend was estimated. Because prior work
has shown that the magnitude of ethnic disparities differed by
age,2 we prespecified fitting models stratified by age group (45–
59, 60–74, and 75 years), where we tested if the sex-adjusted
trends over the 2000–2010 period differed by ethnicity by
including an interaction term between time and ethnicity.
When the trend did not differ significantly by ethnicity within
each age group, the interaction between time and ethnicity was
removed to provide a summary of the trend in ischemic stroke
rate averaged across ethnicities, and to estimate the magnitude
of the time-averaged ethnic disparity. A model combining all
age groups, which included interactions between time and age
categories and between ethnicity and age categories, was fitted
to test for heterogeneity of time trends and ethnicity risk ratios
by age. The online Supplementary Material provides details of
the sensitivity analysis, illustrating the effects of changes in sur-
veillance methodology over time.
Results
The total population of Nueces County, Texas was
313,512 in 2000 and 340,223 in 2010. Of the eligible
population aged 45 years, 45,984 MAs and 49,540
NHWs resided in the county in 2000. In 2010, there
were 66,125 MAs and 55,779 NHWs. In BASIC, there
were 40,783 screened events and 4,646 events validated as
completed ischemic stroke in MAs and NHWs from Jan-
uary 1, 2000 through December 31, 2010. Results of the
out-of-hospital surveillance program are available in the
Supplementary Material. There were 2,604 ischemic
strokes in MAs and 2,042 in NHWs, corresponding to
2,211 MA and 1,822 NHW unique individuals; 252 MAs
and 156 NHWs had 2 strokes, 50 MAs and 23 NHWs
had 3 strokes, and 13 MAs and 6 NHWs had 4 strokes.
Table 1 provides demographic and clinical information on
the study subjects. MRI studies were obtained in 68.7%
of MAs and 62.0% of NHWs (p 5 0.0045).
Figure 1 shows the yearly sex-, age-, and ethnicity-
adjusted ischemic stroke rates and model-predicted trend
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lines for 2000–2010. Ischemic stroke rates declined sig-
nificantly over this time period. The declines during the
study period were 35.9% (95% confidence interval [CI]
5 25.9–44.5) for first ever completed ischemic stroke
and 34.1% (95% CI 5 25.5–41.6) for total first ever
and recurrent completed ischemic stroke.
Figure 2 shows the sex- and age-adjusted (A) and
age-specific (B–D), ethnic-specific yearly ischemic stroke
rates and model-predicted trend lines for first ever com-
pleted ischemic stroke over the 2000–2010 period. The
figure demonstrates the decline in ischemic stroke inci-
dence, and preservation of the ethnic disparity in the
younger age groups. Table 2 shows the model-predicted,
sex-adjusted rates in 2000 and 2010 and the model-
estimated trend during the study period by ethnicity
and age group. Stroke rates have declined significantly
in the 60-year age groups but remained largely
unchanged over time in those aged 45 to 59 years. The
slope of the declining rates did not differ significantly
by ethnicity in any age group (all p values for ethnic
difference in trend > 0.10). Therefore, because the rates
of decline over the study period are similar in both eth-
nic groups, the disparities seen in the 45- to 59-
and 60- to 74-year age groups persist. Supplementary
Figure 3 demonstrates the yearly ischemic stroke counts
and intercensal estimates.
Table 3 shows the rate ratios comparing MAs to
NHWs across the age categories by outcome. The hetero-
geneity in rate ratios across age was statistically significant
for both ischemic stroke rates (p < 0.001). The rate
TABLE 1. Descriptive Statistics of the Ischemic Stroke Population Overall and by Race/Ethnicity, Nueces
County, Texas, 2000–2010
Characteristic All, n 5 4,033 MA, n 5 2,211 NHW, n 5 1,822 p
Age, yr, median (Q1, Q3) 72.0 (61, 81) 69.0 (58, 78) 76.0 (65, 83) <0.001
Sex, % female 51.4 50.5 52.5 0.22
Race/ethnicity, % MA 54.8
Atrial fibrillation, % 14.9 10.4 20.4 <0.001
Coronary artery disease, % 33.3 32.8 34.0 0.43
Diabetes mellitus, % 41.0 53.6 25.7 <0.001
Excessive alcohol, % 5.9 6.3 5.3 0.16
High cholesterol, % 32.0 32.5 31.3 0.41
Hypertension, % 76.3 78.0 74.2 0.01
NIHSS, median (Q1, Q3) 4 (2, 8) 4 (2, 7) 4 (2, 8) 0.03
Smoking status, % <0.001
Current 19.2 18.7 19.8
Former 13.1 10.8 15.8
Never 67.7 70.4 64.4
Any health insurance, % 90.0 87.0 93.6 <0.001
History of stroke or TIA, % 30.6 30.1 31.1 0.52
MA 5 Mexican American; NHW 5 non-Hispanic white; NIHSS 5 National Institutes of Health Stroke Scale; Q 5 quartile;
TIA 5 transient ischemic attack.
FIGURE 1: Age-, sex-, and ethnicity-adjusted completed ische-
mic stroke rates per 10,000 population, Nueces County,
Texas, 2000–2010. See Supplementary Figure 1 for 95% confi-
dence interval lines. [Color figure can be viewed in the online
issue, which is available at www.annalsofneurology.org.]
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ratios for first ever ischemic stroke were 1.94 (95% CI
5 1.67–2.25) among those aged 45 to 59 years, 1.50
(95% CI 5 1.35–1.67) among those aged 60 to 74
years, and 1.00 (95% CI 5 0.90–1.11) among those
aged 75 years. The age- and sex-adjusted rate ratio was
1.34 (95% CI 5 1.23–1.46). Similar results were found
for total first ever and recurrent completed ischemic
stroke, and the age- and sex-adjusted rate ratio was 1.40
(95% CI 5 1.29–1.52).
The results of the sensitivity analysis demonstrated
that the changes in surveillance methods had negligible
impact on the tests of differences in trends by ethnicity,
the estimated ethnic differences, and the estimated trends
(Supplementary Fig 4).
Discussion
This population-based study demonstrated the remark-
able decrease in ischemic stroke incidence over an 11-
year period from 2000 to 2010 in MAs and NHWs.
Rates of decline were similar among ethnic groups for all
ages, and therefore disparities present in the year 2000 in
the younger age groups (45–59 and 60–74) continued to
persist through 2010. Although the declining ischemic
stroke incidence in MAs and NHWs is encouraging, the
persistent disparity in young stroke patients, who suffer
the longest from poststroke disability, indicates a need
for additional prevention efforts targeting young MAs
and communities with large minority populations. The
US Department of Health and Human Services recently
published goals and objectives for reducing health dispar-
ities,30 although specific action plans remain elusive.
Explanatory hypotheses regarding the MA–NHW ische-
mic stroke disparity are numerous and include an
increased burden of cardiovascular risk factors in MAs.
In the Hispanic Community Health Study, 80% of men
and 71% of women had at least 1 cardiovascular risk fac-
tor. A previous community survey in Nueces County,
Texas found a higher prevalence of diabetes in MAs but
similar prevalence of other biological risk factors com-
pared with NHWs. Education and income were less in
MAs, as was the ability to recall stroke risk factors. MAs
felt less confident in their ability to prevent stroke and
more commonly cited cost as a barrier to stroke preven-
tion.16 The current study found increased prevalence of
FIGURE 2: Sex-adjusted first ever completed ischemic stroke rates per 10,000 population by ethnicity, Nueces County, Texas,
2000–2010: (A) age-adjusted; (B) 45- to 59-year-olds; (C) 60- to 74-year-olds; (D) subjects 75 years old. See Supplementary
Figure 2 for 95% confidence interval lines. MA 5 Mexican American; NHW 5 non-Hispanic white. [Color figure can be viewed
in the online issue, which is available at www.annalsofneurology.org.]
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diabetes and hypertension but less atrial fibrillation in
MA compared with NHW stroke patients. A focus on
risk factors that are especially prevalent in minority pop-
ulations, such as diabetes, which is more common in
Hispanics=Latinos and an important stroke risk factor,
may be a way of reducing stroke disparities.31
Studies from around the world have documented
declining stroke incidence, including a 40% decline over
23 years ending in 2004 from the Oxfordshire Commu-
nity Stroke Project.6 A similar 19% reduction in stroke
incidence was seen during a 22-year period in an Auck-
land community surveillance project ending in 2003.7
Declines in stroke incidence have also been noted in
Japan8 and in men but not women in the Netherlands.9
In the United States, the Framingham Project documented
a 20 to 30% decline over 50 years ending in 2004.10 It is
encouraging that the current study suggests that the
declines in stroke incidence are continuing in the 11-year
period ending in 2010 and extend to MAs, an important
population not included in previous reports. The lack of a
significant decline in stroke incidence over time in those
aged 45 to 59 years (see Fig 2B), which is supported by
similar work suggesting rising stroke risk in those aged 20
to 54 years in the Greater Cincinnati=Northern Kentucky
Stroke Study,5 suggests the need for renewed efforts to tar-
get young individuals with stroke risk.
Studies documenting trends in stroke disparities are
few. The South London Stroke Registry showed
an approximate overall 20% incidence reduction in a
10-year period ending in 2004. In black women, a
remarkable 52% decline in incidence rate was
observed, but no change was seen in black men, and
overall black–white disparities persist in South Lon-
don.11 The Greater Cincinnati=Northern Kentucky
Stroke Study demonstrated a reduction in stroke inci-
dence in whites but not African Americans, suggesting
TABLE 3. RRs Comparing MA with NHW
Completed Ischemic Stroke, Nueces County, Texas,
2000–2010
Stroke Group Age, yr MA vs NHW
RR 95% CI
First evera 45–59 1.94 1.67 2.25
60–74 1.50 1.35 1.67
75 1.00 0.90 1.11
First ever and
recurrenta
45–59 2.11 1.88 2.37
60–74 1.61 1.47 1.76
75 1.06 0.97 1.15
ap <0.001 for differences in RR across age groups.
CI 5 confidence interval; MA 5 Mexican American;
NHW 5 non-Hispanic white; RR 5 rate ratio.
TABLE 2. Ethnicity- and Age-Specific Completed Stroke Incidence Rate (per 10,000 Population) and Trend
Comparison, Nueces County, Texas, 2000–2010
Stroke Group Age, yr Ethnicity Ratea Trend: 2000–2010a p
2000 2010 % Change 95% CI Ethnic-
Specific
Trend
Ethnic
Difference
in Trend
First ever 45–59 NHW 7.4 6.5 211.9 240.5 to 30.3 0.52
MA 14.0 13.1 26.3 228.6 to 22.9 0.64 0.80
60–74 NHW 30.6 15.9 248.2 262.1 to 229.2 <0.001
MA 46.3 23.7 248.8 256.0 to 240.3 <0.001 0.95
75 NHW 83.2 49.7 240.2 250.4 to 228.0 <0.001
MA 78.5 52.4 233.3 250.6 to 29.9 0.01 0.54
First ever 1
recurrent
45–59 NHW 10.0 9.2 28.1 231.4 to 23.1 0.57
MA 21.9 18.8 214.2 230.9 to 6.5 0.16 0.71
60–74 NHW 50.7 24.2 252.3 263.3 to 237.9 <0.001
MA 76.4 42.2 244.8 254.1 to 233.6 <0.001 0.38
75 NHW 129.1 97.3 224.7 236.6 to 210.5 0.001
MA 148.9 93.7 237.1 245.2 to 227.7 <0.001 0.11
The probability value for ethnic difference in trend was derived from the coefficient of time by ethnicity interaction in the Poisson
regression model.
aPredicted rate and trend were derived from a model using data over the whole period, modeling time as a linear trend.
MA 5 Mexican American; NHW 5 non-Hispanic white.
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a widening of the black–white stroke disparity gap in
that community.12
The current study has several strengths, including
its population-based approach in a geographically iso-
lated, urban community without tertiary referral bias;
few changes to surveillance procedures over the years and
a sensitivity analysis to examine the influence of those
changes; a multiethnic, nonimmigrant community with
little influx and efflux of residents; rigorous case ascer-
tainment; a consistent validation algorithm; and a stable
group of investigators and abstractors over time. The
study also has several limitations, including a focus on 1
community in South Texas, making the ability to gener-
alize the findings potentially problematic; the choice of a
community with ample representation of MAs but not
enough African Americans to quantify incidence trends
in that important US population; and the increased use
of MRI, which may influence physician charting and
therefore our abstraction, although MRI was not consid-
ered for ischemic stroke case validation purposes. Fur-
thermore, although Corpus Christi does not have a
predominantly immigrant population, and all sources
suggest very low numbers of undocumented residents
particularly among those aged 45 years, it is impossible
to accurately quantify undocumented residents.
In summary, this study suggests declining ischemic
stroke incidence in MAs and NHWs with a persistent
ethnic stroke disparity in those <75 years of age. A rein-
vigorated effort to reduce this disproportionate stroke
burden in MAs should ensue.
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